We probe stochastic fluctuations in Rayleigh backscattering with a photon-counting OTDR apparatus. Surprisingly, the statistics of these fluctuations can be captured by a simple empirical model. The temporal stability of the data is discussed.
Introduction.
The last decade brought significant advances to single photon detection technology for 1550nm band [1] . These photon counters are InGaAsP-InP avalanche photodiodes, which operate in a gated fashion. That is every clock cycle (~ 1MHz) a diode is briefly reversed biased above the breakdown voltage by a short electrical pulse (~1ns). During the application of this gate pulse a single incoming photon could trigger a detectable avalanche. Large deadtime between the gates is needed to wait out for after-pulses caused by charges temporally trapped in the active area during the initial avalanche. The ultimate sensitivity of these unique devices offers several potential applications.
The idea of employing single photon detectors in optical time domain reflectometry (OTDR) dates back to the days when the first photon counting detectors had been implemented [2] . Indeed, such a gated detector could be combined with a pulsed laser to produce an OTDR with high resolution (~ 10 cm). Various performance trade-offs have been described in two papers, which also report the measurement of local fiber birefringence [3] and characterization of Passive Optical Networks [4] . Yet there are several issues that need to be addressed For instance, short duration of the gate pulse, which ensures the high resolution, also requires a relatively narrowband source to probe any appreciable distance in fibers with dispersion. This, in turn, makes coherent fading the dominant source of noise. Coherent fading is the fluctuations in the Rayleigh signal caused by the interference between optical fields scattered by a multitude of scattering centers lying within the coherence length of the input pulse. The formal treatment of the statistics of Rayleigh backscattering is rather complex [5, 6] , and there is a need for a simple model relating the variance of this noise to the basic instrument parameters. On the other hand, there were proposals to use these very variations for fiber identification [4, 7] and for stress and temperature measurements [7] . Thus, the questions of stability, reproducibility and independence of the measurement instrument became important.
In this talk, we will try to answer some of these questions. First, using a classical textbook [8] we formulate a simplistic model that allows us to express the variance of the fluctuations (normalized to the square of average power) as a ratio of the laser autocorrelation width to the detector gate. Then we verify the model with the data obtained by home-built photon-counting apparatus and a conventional commercial OTDR unit. Second, we show that the fluctuations in received backscattered power, although initially reproducible, do in fact change in time. This change depends slightly on ambient temperature and seems to saturate on a month-long timescale. The observed time variations questions the practicality of using backscattering fluctuations as fibers' signatures. 
